
I ? 

. -  
I 

NASA TECHNICAL MEMORANDUM ii &. 

THE LAKSHMI PLATEAU STRUCTURE AS AN INDICATOR OF 
ASTHENOSPHERE HORIZONTAL FLOWS ON VENUS 

A.A. Pronin 

Translation of "Stroyeniye plato lakshmi kak svidetel'stvo 
gorizontal'nykh astenosfernykh potokov na venere" , 
Geotektonika, No. 4, July-August 1986, pp. 26-41. 

(NASA-TM-88507) I H E  L A R S H M X  I L A Z E A U  
S T R U C T U R E  AS A N  I N D I C A T O E  CF A S l B E N O S P H E B E  
B O R I Z C N ' I A L  PLCliS C N  V E E G S  (ha  t i cr ia l  

NB 7- 1 ,E 1 4 4 

Aeronautics and Srace Edmicistsation) 28 p U I i c l a s  
CSCL 84B 63/91 4 3 0 6 3  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON, D.C. 20546 OCTOBER 1986 



_ -  f )  7 

%fie&8r 1986 

4. Q ~ ~ o ~ I ~ ~ o ~ ~ . ~ ~ ~ . I ; . ~ c ~ ~ .  

4. 1111. e d  L b I a t l e  

THE LAKSHMI PLATEAU STRUCTURE AS AN 
INDICATOR OF ASTHENOSPHERE HORIZONTAL - 

Leo Kanner A s s o c i a t e s ,  Redwood C i t y ,  NASW- 4 0 0 5 
C a l i f o r n i a  9 4 0 6 3  13. TIP* o f  h o i c  C ~ J  Polio4 c...~..I' 

T r a n s l a t i o n  

,< 

C I  

8 ) .  )gmtofana A e e n c r  N .ne  a 4  A 4 4 i a a a  

N a t i o n a l  Aeronau t i c s  and Space Ad- 
m i n i s t r a t i o n ,  Washington, D .C.  20546 I'* kena*'lnJ A:*ncrCoe* I 

15. s':;l.r.nlCl, Hoc., 

T r a n s l a t i o n  o f " S t r o y e n i y e  p l a t o  lakshmi kak s v i d e t e l ' s t v o  
g o r i z o n t a l ' n y k h  a s t enos fe rnykh  potokov na vene re" ,  

I Geotektonika ,  Xo. 4 ,  July-August 1986, pp. 26-41 .  

l b -  A > s e ~ ~ ~ ~  

The s t r u c t u r e  o f  Lakshmi Planum i n  t h e  w e s t e r n  
p a r t  of I s h t a r  T e r r a  i n  a f o l d - f a u l t  s e t t i n g  which con- 
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c e n t e r s  i s  c o n s t r u c t e d  concen t rLca l ly  and it i s  i n t e r p r e t e d  
f r o m t h e  p o i n t  of  view o f  t h e  s u b s u r f a c e  flow of  bater ia ls  
i n  t h e  form o f  h o r i z o n t a l l y  d i v e r g i n g  a s t h e n o s p h e r i c  f lows  
and g rav i t a t iona l  creep. 
are  formed by t h e  deformation o f  t h e  more r i g i d  ' l i t h o s p h e r e  
as i t  b reaks  away from t h e  a s t h e n o s p h e r i c  f low.  
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THE LAKSHMI PLATEAU STRUCTURE A S  AN I N D I C A T O R  OF 
ASTHENOSPHERE HORIZONTAL FLOWS ON VENUS 

A.A.  P ron in  

V . I .  Vernadskiy,  USSR Academy of  S c i e n c e s  
I n s t i t u t e  o f  Geochemistry and A n a l y t i c a l  Chemis t ry  i m .  

I n t r o d u c t i o n  

The Lakshmi s t r u c t u r e  d e s c r i b e d  below o c c u p i e s  t h e  w e s t e r n  p a r t  /26* - 
of  I s h t a r  Terra and i s  comprised of Lakshmi Planum i t s e l f  - which 

i s  i s o m e t r i c  r e l a t ive  t o  t h e  p l a i n  r e g i o n  w i t h  a l t i t u d e s  of approxi -  

mate ly  3.0 km above t h e  l eve l  of t h e  p l a i n  - and i t s  s u r r o u n d i n g s .  
A s  t h e  s u r r o u n d i n g  area w e  i n c l u d e  V e s t a  Rupes i n  t h e  s o u t h  and 

sou thwes t ,  t h e  r e g i o n  w i t h  c h a o t i c  r e l i e f  a d j a c e n t  t o  it i n  t h e  s o u t h  

and t h e  m a s s i f s  of  Akna and F rey ja  Montes i n  t h e  no r thwes t  and n o r t h .  

The p e r i p h e r y  o f  t h e  area sur rounding  Lakshmi on t h e  n o r t h  i s  c o m -  
p r i s e d  o f  an  enormous w a l l  approximately 1500 km long  which s e p a r a t e s  

I s h t a r  Terra from t h e  n o r t h e r n  p l a i n .  Below w e  w i l l  d e s c r i b e  t h e  

Planum and i t s  s e t t i n g  and p r e s e n t  i n t e r p r e t a t i o n s  o f  t h e  mechanism 
by which t h e  s t r u c t u r e  formed as w e l l  as s e v e r a l  c o n c l u s i o n s .  

Lakshmi Planum 

Lakshmi Planum i s  a broad  p l a i n  between 58 and 75O n.1. and 310 

and 360" e.1. which i s  surrounded on a l l  s i d e s  by a band of  mountains .  

The ma jo r  p a r t  of  Lakshmi Planum i s  i n  t h e  form o f  a n  i r r e g u l a r  hexa- 

gon w i t h  f l a t t e n e d  a n g l e s  approximately 1 4 0 0  km i n  d i a m e t e r  w i t h  a 
t r a p e z o i d a l  s h e l f  i n  t h e  n o r t h  and a s h e l f  i n  t h e  east  t o  t h e  f o o t  o f  

Maxwell Montes; t h i s  i s  800 i m  long and 200-300 km wide.  The f l a t  

s u r f a c e  of t h e  Planum i s  3 - 3 . 5  km above i t s  s u r r o u n d i n g s  (a  s p h e r e  of  

r a d i u s  6051 km d e s c r i b e d  from t h e  c e n t e r  of m a s s  o f  t h e  p l a n e t )  and 

i t  i s  comprised of  several  s m a l l  s t r u c t u r e s .  W e  i n c l u d e  f i r s t  o f  a l l  

t h e  C o l l e t t e  d e p r e s s i o n  i n  t h e  c e n t e r  of t h e  w e s t e r n  h a l f  of t h e  

* 'Numbers i n  t h e  margin' i n d i c a t - e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  
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Planum, which i s  i n  t h e  form o f  an  o v a l  1 3 0 x 1 8 0  km s t r e t c h e d  i n  t h e  

m e r i d i o n a l  d i r e c t i o n .  The d e p r e s s i o n  i s  approx ima te ly  2 km deep,  it 

h a s  a f l a t  or s l i g h t l y  convex f l o o r  and t e r r a c e d  i n t e r i o r  s l o p e s  

( p o s s i b l y  d e p o s i t i o n  c r a c k s ) .  I n  t h e  s o u t h  on t h e  s u r f a c e  of t h e  

d e p r e s s i o n  f l o o r ,  two f l a t t e n e d  domes approx ima te ly  1 5  km across a re  
v i s i b l e .  I n  t h e  center of  t h e  f l o o r  t h e r e  i s  a r ada r -da rk  area which 

i s  e v i d e n t l y  smooth o r  covered  wi th  loose s u r f a c e  mater ia l .  I n  t h e  

s o u t h e a s t  o f  t h e  o v a l  o f  t h e  d e p r e s s i o n  i n  a 50 km area t h e r e  is  a 

sys tem o f  r i d g e s  and w r i n k l e s  which are  c o n c e n t r i c  w i t h  t h e  C o l l e t t e  
s t r u c t u r e  ( f i g .  1, 2 ) .  

F ig .  1. A photographic  map of  Lakshmi P lanum,  
and a d j a c e n t  a r e a s .  The f r agmen t s  shown i n  
f i g .  3-9 are  o u t l i n e d .  

I n  t h e  area around C o l l e t t e a t  d i s t a n c e s  up t o  250 km w e  can  t race  
narrow bands and f e s t o o n e d  r eg ions  which are l i g h t e r  on  r a d a r  t h a n  are  

s u r f a c e s  which are  s i m i l a r  t o  flows o f  l i q u i d  lava.  A s  a r u l e ,  t h e y  

2 
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F i g .  2 .  The geologica l -morphologica l  map of Lakshmi Planum and a d j a -  
c e n t  areas. 

i-complex of r o l l i n g  p l a i n s ,  2-complex of r e l a t i v e l y  young p l a i n s  and 
l a v a  f l o w s ,  3-complex of  rocks c h a r a c t e r i s t i c  of Lakshmi Planum, 4- 
o u t l i e r s  of t h i s  r e l i e f  i n s i d e  Lakshmi Planum, 5-complex o f  t h e  
i n t e r i o r  frame of Lakshmi Planum, 6-complex of  t h e  e x t e r i o r  frame 
of Lakshmi Planum, 7-massif of  Maxwell Montes, 8 - i n d i v i d u a l  lava 
f lows  w i t h  v i s i b l e  boundar i e s ,  9-ovoids ,  10-impact craters w i t h  
b l a n k e t s  of e j e c t a ,  11 -ca lde ras ,  12-round d e p r e s s i o n s  of u n c l e a r  
o r i g i n ,  13-dome, 1 4 - a x i a l  l i n e s  of w a l l s ,  1 5 - l i n e a m e n t s  on t h e  s u r -  
face o f  t h e  p l a i n s  expres sed  i n  a lbedo ,  1 6 - l i n e s  of  d i s t u r b a n c e s  
( b r e a k  i n  c o n t i n u i t y  o r  s h i f t i n g  of  a s t r u c t u r e ) ,  17-boundaries  

are o r i e n t e d  r a d i a l l y  w i t h  r e s p e c t  t o  t h e  d e p r e s s i o n  and cease t o  be  

v i s i b l e  i n  t h e  image on ly  c l o s e  t o  t h e  a r e a  t o  t h e  w e s t  of  Lakshmi. 
On t h e  whole, t h e  C o l l e t t e  dep res s ion  w i t h  t h e  s y s t e m  o f  d i v e r g i n g  flows 
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is  a g i g a n t i c  s h i e l d  volcano  approximately 600 km a c r o s s  which i s  

s l i g h t l y  s t r e t c h e d  i n  t h e  mer id iona l  d i r e c t i o n  and which occup ies  

a lmos t  t h e  e n t i r e  w e s t e r n  h a l f  of Lakshmi Planum. 

- / 2 7  I n  t h e  c e n t e r  of  t h e  e a s t e r n  h a l f  of  Lakshmi Planum t h e r e  i s  
one o t h e r  o v a l  d e p r e s s i o n  - Sacajawea - which i s  2 0 0 x 1 2 0  km i n  

area and approximate ly  1 . 5  k m  deep; i t s  long  a x i s  i s  o r i e n t e d  i n  

t h e  n o r t h e a s t e r n  d i r e c t i o n .  I n  t h e  image it i s  less pronounced t h a n  

Co l1e t t e ;we  cannot  s e e d e t a i l s  of t h e  s t r u c t u r e  o f  t h e i n t e r i o r  s l o p e s ,  

Only t w o  c o n c e n t r i c  l i g h t  o v a l s  and a horseshoe-shaped da rk  s p o t  i n  

t h e  c e n t e r  i n d i c a t e  t h e  e x i s t e n c e  of t h e  d e p r e s s i o n .  On t h e  south-  

e a s t e r n  edge of t h e  d e p r e s s i o n  t h e r e  i s  a series of  escarpments  which 

ex tend  toward t h e  s o u t h e a s t .  They are v i s i b l e  i n  t h e  form of narrow 

b r i g h t  and da rk  l i n e s  a t  t h e  l i m i t  of r e s o l u t i o n  and they  form a sys-  

t e m  of f l a t -bo t tomed  c a n a l s  3-10 km w i d e ;  t h e s e  are s i m i l a r  t o  t h e  

s u r f a c e  m a n i f e s t a t i o n s  of connected grabens  and u p l i f t s .  

T o  t h e  n o r t h  of t h e  Sacajawea d e p r e s s i o n ,  t h rough  t h e  e n t i r e  

e a s t e r n  h a l f  of Lakshmi Planum, a band of f l a t - t o p p e d  p l a t e a u s  

which r i se  on ave rage  500 m above t h e  p l a i n  of  t h e  Planum ex tends  

i n  t h e  l a t i t u d i n a l  d i r e c t i o n .  The  c h a r a c t e r  of t h e  r e l a t i o n  of t h e  

p l a i n  mater ia l  of t h e  Planum 
boundar i e s  a l l o w s  us t o  c o n s i d e r  t h e s e  p l a t e a u s  t o  b e  o u t l i e r s .  

T h e i r  rugged s u r f a c e  w i t h  a network of p r a c t i c a l l y  o r t h o g o n a l  r i d g e s  

and w r i n k l e s  e v i d e n t l y  b e a r s  t r a c e s  of  ea r l ie r  de fo rma t ions  by which 

younger p l a i n  d e p o s i t s  i n  Lakshmi Planum w e r e  n o t  a f f e c t e d ;  a s m a l l  

( 1 0 0 x 5 0  km) i so la ted  o u t l i e r  s i m i l a r  t o  t h e  one d e s c r i b e d  i s  due 

n o r t h  of t h e  b a s i c  massif  of  t h e  Planum. 

with t h e  p l a t e a u s  a l o n g  t h e  rugged 

The Sou the rn  and Western Areas  around Lakshmi 

I n  t h e  s o u t h ,  t h e  b a s i c  massif  of t h e  Planum i s  framed by a 

narrow band of mountains approximately 1 0 0  km wide;  t h e s e  mountains 

c o n s i s t  of  l i n e a r  ranges  and b a s i n s  between them and they  a r e  o r i e n t -  

ed a l m o s t  everywhere a long  t h e  edge of  t h e  Planum. The edge i t s e l f  



. .  

forms a n  o b t u s e  a n g l e  of approximately 1 2 0 "  w i t h  i t s  v e r t e x  toward 

t h e  s o u t h .  I n d i v i d u a l  r anges  i n s i d e  t h e  band ex tend  f o r  t e n s  o f  

k i l o m e t e r s  (up t o  1 0 0  km) i n  l e n g t h  and are  10-15  km wide. Near t h e  

s o u t h e r n  extreme o f  t h e  Planum where  i t s  edge changes from a no r th -  

no r thwes t  t o  a n o r t h e a s t  d i r e c t i o n ,  i n  a narrow band around it, t w o  /29  

systems of p a r a l l e l  frames of r i d g e s  c o e x i s t  and i n t e r s e c t  a t  a n  

a n g l e  of approximate ly  6 0 " .  

- 

I n  t h e  r e l i e f ,  a n  escarpment 3-5 km h i g h  (Ves ta  Rupes) corres- 
ponds t o  t h e  band of l i n e a r  ranges ,  so t h a t  t h e  r e g i o n a l  s l o p e  on 
t h e  escarpment  may r each  s e v e r a l  d e g r e e s .  I n  t h e  s o u t h  t h e  f o o t  of 
t h e  escarpment  i s  bounded by a n  a r e a  w i t h  c h a o t i c  r e l i e f ,  w h i l e  i n  

p l a c e s ,  f o r  example i n  t h e  w e s t ,  t h e  foot  of  t h e  escarpment  o v e r l a p s  
t h e  c h a o t i c  re l ie f  and b u r i e s  it. The a r e a  of c h a o t i c  r e l i e f  which 

i s  a d j a c e n t  t o  t h e  s o u t h e a s t e r n  s e t t i n g  ex tends  i n  a s h o r t  band 4 0 0  

km wide and 1 0 0 0  km long  i n  t h e  n o r t h e a s t e r n  d i r e c t i o n .  The rugged 

r e l i e f  of  t h i s  r e g i o n  c o n s i s t s  of c h a o t i c a l l y  o r i e n t e d  l o w  r anges  and 

p l a t e a u s  w i t h  c h a r a c t e r i s t i c  s i z e s  i n  t h e  t e n s  of k i l o m e t e r s .  A 

s e p a r a t e  s e c t i o n  of c h a o t i c  r e l i e f  ( 1 5 0 x 2 5 0  km) i s  a d j a c e n t  t o  
t h e  s o u t h e a s t e r n  segment of t h e  zone of  l i n e a r  r anges  and b a s i n s  (see 

f i g .  1, 2 ) .  

The w e s t e r n  segment of t h e  a r e a  around Lakshmi a p p e a r s  t o  be  

d i f f e r e n t .  H e r e  t h e  Planum is bounded by a s l o p e d  w a l l  i n  t h e  m e r i -  

d i o n a l  d i r e c t i o n ,  t h e  s u r f a c e  of which is  comprised of a p l a t e a u  ap- /30  

p rox ima te ly  1 0 0  k m  i n  d i ame te r  and a series of arc-shaped r anges  

f u r t h e r  t o  t h e  w e s t .  This  w a l l  a l s o  forms an  a n g l e  of approx ima te ly  

120" w i t h  t h e  sou thwes te rn  segment o f  t h e  s e t t i n g .  On t h e  s u r f a c e  of 

t h e  w a l l  w e  c a n  see several  s t eep - s loped  c l e f t s  which are  p robab ly  

gap ing  stress c r a c k s .  The l a r g e s t  of t h e s e  beg ins  i n  t h e  sou thwes te rn  

c o r n e r  of t h e  su r round ing  area and ex tends  approximate ly  1 5 0  k m  t o  t h e  

n o r t h e a s t  a t  a width of several k i l o m e t e r s .  

- 

400  km t o  t h e  w e s t  of t h i s  segment of  t h e  su r round ing  area t h e r e  

i s  a n  unusual  s t r u c t u r e  i n  t h e  form of  a d i s k ,  bounded on t h e  south-  

5 
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-. 1 w e s t  by a n  escarpment  super -  

imposed on t h e  s u r f a c e  o f  t h e  

s o u t h e r n  p l a i n ,  of a d i a m e t e r  

o n  t h e  o r d e r  o f  300  km. Along 

i t s  edges t h e  d i s k  recalls 
t h e  c h a o t i c  r e l i e f  o f  t h e  

e x t e r i o r  f rame of Lakshmi and 

i n  t h e  c e n t e r  it i s  s p l i t  by 

s e v e r a l  c l e f t s  running  nor th-  

east;  t h e s e  are  t e n s  o f  k i l o -  

meters long  and s e v e r a l  k i l o -  

B m e t e r s  wide.  F u r t h e r  t o  t h e  
n o r t h e a s t ,  t h e  s u r f a c e  of  t h e  
d i s k  goes  i n t o  t h e  h i l l  re- 1 
l i e f  area of  t h e  w e s t e r n  area 
arcund Lakshmi, where w e  a l so  
see c o u l i s s e  systems o f  arc- 
shaped c l e f t s  running  no r th -  

w e s t ;  t h e s e  are s i m i l a r  t o  
I f a u l t  c r a c k s .  AGcordins t o  

\ \  I " ' ' 1 hvnsometrv. t h e  s u r f a c e  of  4. a .  m' mz El3 m4 B5 I' 1 t h e  d i s k  rises 500 m above 

t h e  s o u t h e r n  p l a i n  ( f i g .  3 ) .  

F i g .  3.  A- a r a d a r  image of  a s e c t i o n  
4 0 0 x 6 0 0  km i n  s i z e  i n  t h e  area t o  t h e  Akna Montes 
sou thwes t  of  Lakshmi, i n  t h e  c e n t e r  
of  which t h e r e  i s  a disk-shaped 
s t r u c t u r e  which i s  i n t e r p r e t e d  as The n o r t h w e s t e r n  boundary 
t h e  r e s u l t  of  as t h e n o s p h e r i c  mater i -  
a1  comins t o  t h e  s u r f a c e .  B- t he  

- 
o f  Lakshmi Planum e x t e n d s  i n  

scheme f o r  d e c i p h e r i n g  t h e  s e c t i o n :  a g e n t l e  a rc  approximate ly  _ _  - 
l-dome, probably  of v o l c a n i c  o r i g i n ,  
2 - i m p a c t  craters,  3-boundaries ,  4- 700 km long  t o  t h e  n o r t h e a s t  

b r e a k s  w i t h  s h i f t s  i n  s t r u c t u r e s  and and it a b u t s  t h e  w e s t e r n  s u r -  
rounding a t  a n  a n g l e  on t h e  gaping  c r a c k s ,  5 - c o u r s e s o f t h e  s t r u c -  

t u r e s ,  6 - r e l a t i v e l y  smooth s u r f a c e s ,  
p robably  of  young i ava  f lows  o r d e r  of 1 2 0 ' .  A t  t h e  s a m e  

t i m e  it is  t h e  s o u t h e a s t e r n  

f o o t  o f  Akna Montes which r ise 2.5  km above t h e  s u r f a c e  o f  t h e  
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Planum. I n  t h e  h i g h e s t  p a r t ,  t h e  massif  of  Akna Montes i s  comprised 

of a sequence of asymmetric ranges and b a s i n s  up t o  3 0 0  km long  and 

up t o  50 km wide w i t h  s h o r t  s t e e p  s l o p e s  t u r n e d  toward t h e  Planum 

and long g e n t l e  r e v e r s e s .  On t h e  map t h e s e  are c o u l i s s e - l i k e  c u e s t a s  

which are  comprised of s i m i l a r  s t r u c t u r e s  o f  h i g h e r  o r d e r s .  Toward 

t h e  no r thwes t  t h e  c h a r a c t e r i s t i c  dimensions of  t h e  s t r u c t u r e s  decrease 

a long  w i t h  t h e  a l t i t u d e  of t h e  Montes. The maximum l e n g t h  o f  a n  i n -  

d i v i d u a l  range  does n o t  exceed 1 0 0  km h e r e .  The boundary of  t h e  

r e g i o n  w i t h  a r e l a t i v e l y  d i s o r d e r e d  s t r u c t u r e  h a s  t h e  f o r m  of a s t e e p  
arc t u r n e d  convexly toward t h e  c e n t e r  of Lakshmi. I n s i d e  t h i s  r e g i o n ,  

s e v e r a l  s i m i l a r  arc-shaped boundaries  of h i g h e r  o r d e r s  are i s o l a t e d  

( f i g .  4 )  

F i g .  4 .  A-radar image of a s e c t i o n  4 0 0 x 6 0 0  km i n  a r e a  
i n  t h e  no r thwes t  i n t e r i o r  f r a m e  of  Lakshmi (Akna Montes) 
and i t s  h i g h e s t  p a r t .  I n  t h e  s o u t h e a s t e r n  p a r t  of t h e  
s e c t i o n  a complex of t h e  youngest  lava f l o w s  deve lops  
and i n d i v i d u a l  f lows  a r e  v i s i b l e  i n s i d e  t h i s .  B-Scheme 
f o r  d e c i p h e r i n g  t h e  s e c t i o n :  1-impact c r a t e r ,  2 -geo log ica l  
boundar i e s ,  3-breaks,  4-courses of  t h e  s t r u c t u r e s ,  5 - re la -  
t i v e l y  smooth s u r f a c e s ,  probably of  young l a v a  f lows ,  6- 
t h e  youngest  f lows  i n s i d e o f w h i c h  i n d i v i d u a l  f lows are  
v i s  i b  le.  
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T h e  sou thwes te rn  f o o t  of t h e  mass i f  i s  a reg ion  of  c h a o t i c  re- 

l i e f  which recalls t h e  s o u t h e r n  frame o f  Lakshmi. To t h e  south-  

w e s t  t h i s  r e g i o n  is  bounded by a c a n a l  approximate ly  250  km long  and  

up t o  30 km wide; t h e  s u r f a c e  of a n  e x t e n s i v e  f l o w  a b u t s  t h i s  on t h e  

w e s t .  I n  some p l a c e s  t h e  w e s t e r n  f o o t  o f  Akna Montes i s  inunda ted  by 

ma te r i a l  from t h e  p l a i n .  I n  t h e  n o r t h  t h e  boundary of  i n u n d a t i o n  i s  

a s t r a i g h t  l i n e  and i t  i s  o r i e n t e d  t o  t h e  n o r t h e a s t .  

Northwest from t h e  f o o t  o f  Akna Montes t h e  a b s o l u t e  a l t i t u d e s  

d e c r e a s e  g r a d u a l l y  from 2 .0  t o  -0 .5  km and t h e  mountainous c o u n t r y  

h e r e  ex tends  t o  t h e  boundary w i t h  t h e  n o r t h e r n  p l a i n .  T o  t h e  east  
t h i s  c o u n t r y  i s  bounded by t h e  "bay" of  Lakshmi Planum which i s  
s e p a r a t e d  f r o m  t h e  main p a r t  by t h e  converging m a s s i f s  of Akna and 

F r e y j a  Montes. The e a s t e r n  p a r t  of  t h i s  mountainous c o u n t r y  i s  a 
sys tem o f  s h o r t  (up t o  1 0 0  km long)  asymmetr ica l  ranges  a r r a n g e d  i n  
c o u l i s s e  format ion;  t h e i r  eastern extremes are  covered  by p l a i n  

material from t h e  ''bay" o f  Lakshmi Planum. 

I n  t h e  w e s t e r n  p a r t  of t h e  mountainous coun t ry ,  t h e  c o u r s e s  of 
t h e  r anges  change t o  no r thwes te r ly  and i n  some p l a c e s  t o  m e r i d i o n a l .  

The largest  s t r u c t u r e  h e r e  i n  t h e  no r thwes t  c o u r s e  i s  r e p r e s e n t e d  by 
t w o  c o u l i s s e - a b u t t i n g  r anges  approximately 500 km long  i n  t o t a l ,  

w i t h  t h e  s o u t h e r n  one be ing  branched i n t o  t w o  s p u r s .  The o v e r a l l  

course of t h i s  range  c o i n c i d e s  wi th  t h e  g i g a n t i c  l i n e a r  s t r u c t u r e s  i n  

t h e  p l a i n  r e g i o n  w i t h  ovo ids  t o  t h e  nor thwes t  o f  t h e  coun t ry  de- - / 3 1  

s c r i b e d  h e r e .  I t  i s  p o s s i b l e  t h a t  i t s  w e s t e r n  p a r t  bears traces o f  

t h e  mutua l  d e p o s i t i o n  of  t w o  s t r u c t u r e s  - t h e  area su r round ing  Laksh- 

m i  Planum and l i n e a r  s t r u c t u r e s  i n  t h e  n o r t h e a s t  ( f i g .  5 ) .  

F r e y j a  Montes 

I n  t h e  n o r t h  t h e  b a s i c  massif o f  Lakshmi Planum h a s  a t r a p e -  

z o i d a l  s h e l f  w i t h  which t h e  m a s s  of  F r e y j a  Montes a b u t s  f r o m  t h e  

n o r t h e a s t .  I n  t h e  h i g h e s t  s e c t i o n  t h e  m a s s i f  c o n s i s t s  of  a system of 
l i n e a r  r anges  up t o  200 km long  and 5-15 km wide which are o r i e n t e d  
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F i g .  5. A-radar image of  a s e c t i o n  4 0 0 x 6 0 0  km i n  area 
i n  t h e  no r thwes te rn  p a r t  of t h e  e x t e r i o r  frame of  
Lakshmi. The c o u r s e s  o f  ranges i n  i n t e r s e c t i n g  direc- 
t i o n s  i n d i c a t e  a s h i f t  i n  t h e  s t r u c t u r a l  d i s l o c a t i o n .  
On t h e  r i g h t  toward t h e  bottom a n  impact  c ra te r  ap- 
p rox ima te ly  60  km i n  diameter w i t h  c l e a r l y  e x p r e s s e d  
ejecta is  superimposed on t h e  complex r e l i e f .  B-the 
scheme f o r  d e c i p h e r i n g  t h e  s e c t i o n :  1-dome, 2-impact 
crater  w i t h  ejecta and a c e n t r a l  r i d g e ,  3-boundaries ,  
4-breaks,  5-courses of  t h e  s t r u c t u r e s ,  6 - r e l a t i v e l y  
smooth s u r f a c e s ,  probably o f  young l a v a  f l o w s  

i n  t h e  s u b l a t i t u d i n a l  d i r e c t i o n .  The r anges  have  asymmetr ica l  

s l o p e s  - t h e  n o r t h e r n  ones  are more p o s i t i v e  t h a n  t h e  s o u t h e r n  ones  

i n  t h o s e  cases i n  which it i s  p o s s i b l e  t o  de te rmine  them. S o m e t i m e s  
t h e  sys t em of p a r a l l e l  ranges  i s  s h i f t e d  t o  l o w  ampl i tudes  i n  s i n g l e  

k i l o m e t e r s  a l o n g  b reaks  i n  the n o r t h e a s t e r l y  c o u r s e .  Th i s  o r d e r e d  

sys tem of p a r a l l e l  ranges  w a s  fol lowed i n  a s u b l a t i t u d i n a l  band 150 
km wide and 400 km long .  I n  t h e  east  t h e  band bends t o  t h e  s o u t h  a t  

a n  a n g l e  of 90-120'. On t h e  a d j a c e n t  s u r f a c e  of Lakshmi Planum w e  
see r a d a r - b r i g h t  bands several  k i lome te r s  wide which are  o r i e n t e d  

p a r a l l e l  t o  t h e  frames around Lakshmi. Where t h e  frames bend t o  
t h e  s o u t h ,  t h e s e  b r i g h t  bands forma l a t t i c e  w i t h  rhombic u n i t s .  
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Fig .  6 .  A-radar image of a s e c t i o n  400x700 km i n  area 
i n  t h e  n o r t h e r n  p a r t  o f  t h e  area su r round ing  Lakshmi 
( F r e y j a  Montes) .  The s y s t e m  o f  s u b l a t i t u d i n a l  ranges  
i n  t h e  s o u t h  is  r e p l a c e d  by a more d i s o r d e r e d  r e l i e f  
i n  t h e  n o r t h .  The w a l l  of t h e  e x t e r i o r  frame Is 
bounded by t h e  s u r f a c e  of t h e  n o r t h e r n  p l a i n .  B-the 
scheme f o r  d e c i p h e r i n g  t h e  s e c t i o n :  1-boundar ies ,  2- 
b r e a k s ,  3-courses of  t h e  s t r u c t u r e s ,  4 - r e l a t i v e l y  
smooth s u r f a c e s ,  probably o f  young lava f lows  

The h i g h e s t  s e c t i o n s  o f  t h e  massif rise 2.5-3.0 km above t h e  s u r f a c e  

of t h e  Planum ( f i g .  6 )  . 
The n o r t h e r n  mountainous country i s  c h a r a c t e r i z e d  by less 

o r d e r e d  r e l i e f .  I n  i t s  e a s t e r n  p a r t ,  s u b l a t i t u d i n a l  c o u r s e s  o f  i n -  

d i v i d u a l  r anges  predominate ,  b u t  t h e y  are r e l a t i v e l y  o r d e r e d  o n l y  i n -  

s i d e  b l o c k s  which reca l l  i n  t h e i r  form a r o l l  of dimensions 

2 0 0 x 1 0 0  km. The r o l l s  are  a l s o  o r i e n t e d  s u b l a t i t u d i n a l l y  and 

are s e p a r a t e d  by b reaks  which are s e e n  a l o n g  t h e  l i n e s  of s h i f t  of 

t h e  s t r u c t u r e s  and c a n a l s .  I n  t h e  w e s t e r n  p a r t  of t h e  mountainous 

coun t ry  t h e  o r i e n t a t i o n  of  t h e  ranges i s  more c h a o t i c ,  b u t  
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submer id iona l  c o u r s e s  predominate.  H e r e ,  as a r u l e ,  t h e  r anges  are  / 3 2  

asymmetric and have s t e e p  eastern s l o p e s .  F u r t h e r  t o  t h e  n o r t h ,  t h e  

c o u r s e s  of t h e  r anges  change t o  no r thwes te r ly  and w e s t e r l y ,  forming 

arcs which are t u r n e d  convexly t o  t h e  n o r t h e a s t .  The boundary 

between t h e  w e s t e r n  and e a s t e r n  p a r t s  of  t h e  n o r t h e r n  f o o t  o f  F r e y j a  

Montes cor responds  t o  t h e  cour ses  of  t h e s e  arcs.  T o  t h e  w e s t ,  a bay 

w i t h  a p l a i n  s u r f a c e ,  complicated by arc-shaped escarpments  w i t h  

submer id iona l  course which are tu rned  toward t h e  east ,  which p l a i n  i s  

s e p a r a t e d  from t h e  b a s i c  massif  of Lakshmi Planum, a b u t s  F r e y j a  

Montes. 

- 

To t h e  n o r t h ,  a l a t i t u d i n a l l y  o r i e n t e d  lowland w i t h  a r e l a t i v e l y  

smooth s u r f a c e  a b u t s  F r e y j a  Montes. T h i s  lowland i s b o u n d e d  by a 
s t e e p  escarpment  of  a g i g a n t i c  wa l l  which ex tends  1 5 0 0  km and which 

frames t h e  e n t i r e  Lakshmi s t r u c t u r e  on t h e  n o r t h .  

The N o r t h e a s t e r n  Basin 

N o r t h  of F r e y j a  Montes i n  g e n e r a l  t h e  con t inuous  frame o f  

Lakshmi Planum i s  i n t e r r u p t e d  by a broad  b a s i n ,  t h e  f l a t  s e c t i o n s  o f  
t h e  f l o o r  of which go i n t o  t h e  n o r t h e r n  p l a i n .  T h i s  i s  an isometr ic  

d e p r e s s i o n  of d i ame te r  600-700 km and t h e  a l t i t u d e s  of t h e  f l o o r  a re  

1 .5 -2 .0  km above t h e  sur roundings .  T o  t h e  no r thwes t ,  t h e  wal l - shaped  

s t r u c t u r e s  of t h e  e x t e r i o r  frame of Lakshmi w i t h  c h a o t i c  s u r f a c e  

r e l i e f  descend t o  t h e  b a s i n  i n  a f a n .  They are  submerged under  t h e  

material  of t h e  p l a i n ,  which covers  them w i t h  meandering contact .  
The ex t reme p a r t s  of  t h e  wall-shaped s t r u c t u r e s  are compl i ca t ed  by 

s l i d e s  which are s e e n  a l o n g  arc-shaped s e p a r a t i o n  n i c h e s  and p r e s s i n g  

w a l l s  ( f i g .  7 ) .  

I n  t h e  southwes t ,  t h e  lowest p a r t  o f  t h e  b a s i n  i s  a s l i g h t l y  

s t r e t c h e d  b a s i n  w i t h  a d i ame te r  of approximate ly  200 km. I ts  c e n t r a l  

p a r t  and  e a s t e r n  r i m  a re  s l i g h t l y  r a i s e d  and they  r ise above t h e  s u r -  

face of  t h e  p l a i n ;  t h e  c a n a l  formed between them i s  f i l l e d  w i t h  p l a i n  

material. The r a i s e d  s e c t i o n s  of t h e  f l o o r  of  t h e  b a s i n  are  
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F i g .  7.  A-radar image o f  a s e c t i o n  
6 0 0 x 8 5 0  km i n  area n o r t h  o f  t h e  mass i f  
o f  Maxwell Montes.  E a s t  of t h e  m e r i -  
d i o n a l  band of  compression s t r u c t u r e s  
w e  can see a c o n t i n u a t i o n  of  t h e  broken  
n o r t h e r n  frame of Lakshmi. I n  t h e  
c e n t e r  and  t h e  no r thwes te rn  corner of  
t h e  image w e  see s l i d e s  a t  t h e  end of  
t h e  wal l - shaped  s t r u c t u r e s  of  Laksh- 
m i ' s  frame. B-schemes f o r  d e c i p h e r i n g  
t h e  s e c t i o n :  1-boundar ies ,  2-breaks,  
3 -courses  of t h e  s t r u c t u r e s ,  4-relative- 
ly smooth s u r f a c e s ,  Drobablv o f  vounu 

cleaved by w r i n k l e s  and  

c l e f t s  which are combined 

i n t o  sys tems which reca l l  
stress c r a c k s .  I n  t h e  

sou thwes t ,  a l o n g  a n  e sca rp -  

ment more t h a n  1 km h i g h ,  

t h e  b a s i n  i s  bounded by t h e  

s u r f a c e  of Lakshmi Planum. 

- /33 

I n  t h e  east  t h e  b a s i n  

i s  framed by a band of  
l i n e a r  s t r u c t u r e s  600-700 

km long .  The n o r t h e r n  ex- 
t r e m e  o f  t h e  band i s  sub- 

merged under  t h e  s u r f a c e  

o f  t h e  n o r t h e r n  p l a i n  and 

t h e  s o u t h e r n  a b u t s  t h e  m a s -  
s i f  o f  Maxwell Montes. 

Wall-shaped s t r u c t u r e s  w i t h  

c h a o t i c  s u r f a c e  r e l i e f ,  

which are  s i m i l a r  t o  t h e  

s t r u c t u r e s  of  t h e  e x t e r i o r  

frame o f  Lakshmi, d i r e c t l y  
a b u t  t h e  e a s t e r n  boundary 

o f  t h e  band.  T h e i r  T-shaped 

j o i n t s  w i t h  t h e  e a s t e r n  

boundary o f  t h e  band i n d i -  

cate t h a t  t h e  band i s  a 

c r o s s  s t r u c t u r e .  I n  t h e  

sou thwes t  t h e  band i s  
bounded by p l a i n  mater ia l  
from t h e  f l o o r  o f  t h e  b a s i n .  

I n  t h e  s o u t h e a s t e r n  

p a r t  o f  t h e  b a s i n ,  where t h e  
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g e n t l e  rise t o  t h e  n o r t h e r n  

f o o t  of Maxwell Montes b e g i n s ,  

above t h e  s u r f a c e  of  t h e  p l a i n  

a l o w  p a r t  w i t h  c h a o t i c  

s l i g h t l y  i r r e g u l a r  r e l i e f  rises 
( t h e  c h a r a c t e r i s t i c  s i z e  of  

t h e  i r r e g u l a r i t i e s  is  from t h e  

l i m i t  of  r e s o l u t i o n  t o  10-15  

km). Here w e  see s e v e r a l  

c l e f t s  which form a rare o r t h o -  

gona l  l a t t i c e .  F u r t h e r  t o  t h e  

s o u t h e a s t  l i es  a narrow (20-  

4 0  k m )  r i d g e  approximate ly  350 

km long ;  i t  i s  bounded by t w o  
c l e f t s  and i s  o r i e n t e d  i n  a 
n o r t h e a s t e r l y  d i r e c t i o n .  I n  

t u r n  t h e  r i d g e  c o n s i s t s  of a 
series of smaller r i d g e s  which 

are a r r a n g e d  i n  a c o u l i s s e  

p a t t e r n  and a t  an a c u t e  a n g l e  
t o  i t s  c o u r s e .  The l a r g e  r i d g e  

i s  a n a t u r a l  boundary o f  t h e  

f l o o r  of t h e  b a s i n ,  s i n c e  

f u r t h e r  t o  t h e  s o u t h e a s t  t h e  

rise t o  Maxwell Montes b e s i n s .  
The s o u t h e a s t e r n  edge of t h e  l a v a  f lows ,  5-radar-dark s e c t i o n s  

of "shaded" s l o p e s ,  p robably  
l a r g e  gap ing  c r a c k s  b a s i n  combines a c r e s c e n t -  

shaped r i d g e  approximate ly  4 0 0  

km long  and 50-60 k m  wide which is clamped between t h e  two c l e f t s .  

I n  t h e  c e n t r a l  p a r t  it c o n s i s t s  of t h r e e  o v a l  massifs 5 0 x 6 0  k m  i n  

area which are seen  as "mega-rol ls"  o f  competent rocks  submerged i n  
a m o r e  p l a s t i c  l a y e r e d  s t r a t u m .  The s i m i l a r i t y  i s  emphasized by sys-  / 3 4  

t e m s  of narrow j o i n e d  w r i n k l e s  and r i d g e s  ( a t  t h e  l i m i t  of  r e s o l u -  

t i o n )  which are o r i e n t e d  conformally w i t h  r e s p e c t  t o  t h e  r o l l s  
and which reca l l  f l o w  l i n e s .  The f l o o r  of t h e  b a s i n  i s  covered  w i t h  

- 
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pla in- forming  mater ia l  w i t h  g e n t l y  u n d u l a t i n g  re l ief  and a smooth 

s u r f a c e ,  i n  t h e  n o r t h e r n  p a r t  i t  is s t r e w n  w i t h  many domes several  
k i l o m e t e r s  i n  d i ame te r .  

The E a s t e r n  She l f  o f  Lakshmi Planum 

On t h e  whole, t h e  i s o m e t r i c  p l a t f o r m  o f  Lakshmi Planum a t  t h e  

l a t i t u d e  of  t h e  Sacajawea caldera h a s  a s h e l f  which e x t e n d s  800 km 

t o  t h e  n o r t h  and i s  200-300 km wide. I ts  e a s t e r n  ex t reme a b u t s  t h e  

f o o t  of  M a x w e l l  Montes which r i s e  i n  a s t e e p  escarpment  above t h e  

p l a i n  of  t h e  Planum t o  more t h a n  5.0 km. The s u r f a c e  of  t h e  Planum 

rises s l i g h t l y  t o  t h e  east  and w h i l e  i n  t h e  c e n t e r  o f  Lakshmi t h e  

a l t i t u d e  markers  are 2.0-2.5 km, a t  t h e  f o o t  o f  M a x w e l l  Montes t h e y  

are 3.5-4.0 above t h e  sur rounding  area (see f i g .  1, 2 ) .  

- /35 

With in  t h e  s h e l f  t h e  s u r f a c e  of  t h e  Planum i s  smooth, above it, 

as i n  t h e  c e n t e r  o f  Lakshmi, o u t l i e r s  of  t h e  m a s s i f s  w i t h  rugged re- 

l i e f  c r e a t e d  by a network o f  s t r a i g h t  w r i n k l e s  which i n t e r s e c t  a t  

a n g l e s  from 45 t o  8 0 °  r i s e  up several  hundreds o f  meters. The 

l a r g e s t  o f  t h e s e ,  200 km east of t h e  Sacajawea caldera, has  a n  

a l m o s t  p e r f e c t  rhombic form w i t h  a s i d e  o f  200 km and a long  d i a g o n a l  

o r i e n t e d  t o  t h e  no r thwes t .  

I n  t h e  s o u t h e a s t e r n  c o r n e r  of t h e  s h e l f  i t s  s u r f a c e  i s  crossed 

by a series o f  p a r a l l e l  arc-shaped w r i n k l e s  w i t h  a g e n e r a l  nor th-  

w e s t e r n  c o u r s e ;  t h e i r  s o u t h e a s t e r n  ends have a maximum wid th  up t o  

10-15 km and they  are g r a d u a l l y  narrowed toward t h e  n o r t h e a s t ,  ending  

i n  n o t h i n g .  The w r i n k l e s  are  from 50 t o  200 km long  and ,  j udg ing  
from t h e  "shadows", they  have V-shaped c r o s s  s e c t i o n s  w i t h o u t  s i g n s  

of  w a l l s  a l o n g  t h e  s h a r p  edges.  S i m i l a r  w r i n k l e s ,  b u t  less c l e a r l y  

e x p r e s s e d  and smaller ,  a re  found a l o n g  t h e  e n t i r e  s o u t h e r n  edge o f  

t h e  s h e l f  o f  t h e  Planum ( f i g .  8 ) .  

/3 6 - The s o u t h e r n  boundary of  t h e  s h e l f  of t h e  Planum recalls t h e  

rugged edge of  a coastal  s h e l f  and t h e  s i m i l a r i t y  i s  i n t e n s i f i e d  by 
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ORIGINAL P A a  IS 
OF POOR QUALnV 

A B 

F i g .  8 .  A-radar image o f  a s e c t i o n  4 0 0 x 6 0 0  km i n  area on 
t h e  s o u t h e r n  boundary o f  t h e  e a s t e r n  s h e l f  of  Lakshmi 
Planum. The boundary between t h e  smooth s u r f a c e  of  t h e  
Planum i n  t h e  n o r t h  and t h e  h i l l y  p l a i n  i n  t h e  s o u t h  i s  
marked by a n  escarpment  2.5 km h i g h .  B-scheme f o r  de- 
c i p h e r i n g  t h e  s e c t i o n :  l-dome, 2-boundaries ,  3-breaks,  
4-courses  o f  t h e  s t r u c t u r e s ,  5 - b r i g h t  bands on t h e  s u r -  
face of t h e  h i l l y  p l a i n ,  p robably  l o w  escarpments ,  ex- 
p r e s s e d  as a l b e d o ,  6-expressed i n  t h e  escarpment  r e l i e f  

t h e  f a c t  t h a t  i t  c o i n c i d e s  w i t h  a s h e l f  w i t h  a re l ief  2.5-3.0 km 

h igh  which i s  t u r n e d  toward t h e  h i l l y  p l a i n ,  above t h e  s u r f a c e  o f  

which, a t  a n  a l t i t u d e  of  1 .0 -1 .5  k m , s e v e r a l  i r r e g u l a r  o u t l i e r s  o f  

c h a o t i c  r e l i e f  and i s o m e t r i c  form r ise  up f u r t h e r  t o  t h e  s o u t h .  The 

n o r t h e r n  edge of  t h e  e a s t e r n  s h e l f  o f  t h e  Planum i s  a n  escarpment  

t u r n e d  toward  t h e  n o r t h ;  it is not  e x p r e s s e d  i n  hypsometry b u t  i s  
c l e a r l y  v i s i b l e  i n  t h e  images.  

M a x w e l l  Montes 

According t o  t h e  r e l i e f  p i c t u r e  and hypso-. 

metry,  t h e  mass i f  of Maxwell Montes has  t h e  form o f  a r e c t a n g l e  

1 5  



ORIGINAL PAGE i3 
OF POOR QUALfTY 

B 

\ ' I  / /  I 

F i g .  9 .  A-radar image o f  a s e c t i o n  4 0 0 x 5 0 0  km i n  area 
a t  t h e  s i t e  where t h e  massif of  M a x w e l l  Montes j o i n s  
Lakshmi Planum; t h e  boundary i s  f i x e d  by an  a b r u p t  s h i f t  
from t h e  p l a i n  of t h e  Planum t o  a s t e e p  s l o p e  w i t h  
banded s t r u c t u r e s  which a r e  p a r a l l e l  t o  t h e  c o u r s e  of 
t h e  s l o p e .  B-scheme for d e c i p h e r i n g  t h e  s e c t i o n :  1- 
d e p r e s s i o n  of u n c l e a r  g e n e s i s ,  2 -boundar ies I  3-breaks,  
4-courses  of  t h e  s t r u c t u r e s ,  5-radar-dark "shaded" sec- 
t i o n s  of t h e  s l o p e s ,  6 -e jec ta  from C l e o p a t r a  P a t e r a ,  
p robab ly  of  impact  o r i g i n  

5 0 0 x 8 0 0  km i n  area which is  o r i e n t e d  w i t h  i t s  long  s i d e  t o  t h e  no r th -  

w e s t  and which has  a s t r e t c h e d  ou t  wes te rn  a n g l e  which i s  a s p u r  

s e p a r a t i n g  t h e  n o r t h e a s t e r n  b a s i n  and t h e  s h e l f  of Lakshmi Planum. 

With in  t h i s  a r e a  t h e  mass i f  is r e p r e s e n t e d  by i t s  nor thwes te rn  p a r t ,  

where several zones  are i s o l a t e d  a c c o r d i n g  t o  hypsometry and t h e  

r e l i e f  p i c t u r e  ( f i g .  9 ) .  

The sou thwes te rn  s l o p e  of t h e  mass i f  rises above t h e  s u r f a c e  of  

Lakshmi Planum i n  a s t e e p  escarpment 5 . 0  km h igh .  The e n t i r e  s l o p e  

i s  d i s s e c t e d  s u b p a r a l l e l  t o  t h e  f o o t  by a system of connec ted  r i d g e s  

and w r i n k l e s  up t o  5 km wide and  1 0 0  km long .  By s h i f t s  i n  t h e  

banded s t r u c t u r e ,  w e  may i s o l a t e  s e v e r a l  l a r g e  lens-shaped  b l o c k s  

which are a l so  o r i e n t e d  i n  a s u b p a r a l l e l  way t o  t h e  f o o t .  On 
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t h e  s u r f a c e  of  t h e  Planum a l o n g  t h e  edge o f  t h e  m a s s i f ,  a sys tem o f  

asymmetric r i d g e s  w i t h  s t e e p  wes te rn  and g e n t l e  e a s t e r n  s l o p e s  

5-10 km wide and up t o  1 5 0  km long ex tends .  These r i d g e s  a re  n o t  

expres sed  i n  hypsometry and t h e  impress ion  i s  c r e a t e d  t h a t  it i s  
p r e c i s e l y  h e r e  t h a t  t h e  sur face  l a y e r  of Lakshmi Planum b e g i n s  

t o  cleave i n t o  sca le -shaped  blocks w i t h  s l o p e s  t o  t h e  east ;  t h e s e  

b locks  are f a r t h e r  t o  t h e  east  than  t h e  dens ly  "packed" ones  on t h e  

w e s t e r n  s l o p e  o f  t h e  m a s s i f  of Maxwell. 

I n  t h e  c e n t r a l  p a r t  o f  t h e  massif  t h e  r e l i e f  p i c t u r e  changes - / 3 7  
a b r u p t l y ;  t h e  boundary w i t h  t h e  s t e e p  w e s t e r n  s l o p e  is  almost a 

s t r a i g h t  l i n e  and it c o i n c i d e s  wi th  t h e  l i n e  of  d i s t u r b a n c e  of  t h e  

s t r u c t u r e s .  Long asymmetric r i d g e s  (up  t o  2 0 0  km) 20-25 km wide are 
c h a r a c t e r i s t i c  of t h i s  p a r t  of t h e  m a s s i f .  I t  i s  as i f  t h e s e  r i d g e s  

c o n s i s t e d  of s h e e t s  w i t h  s lopes  t o  t h e  w e s t ,  s i n c e  t h e i r  e a s t e r n  

" i l l u m i n a t e d "  s l o p e s  are a s  a r u l e  narrower ((10 km) and t h e i r  w e s t e r n  

s l o p e s  b r o a d e r .  On t h e  whole, t h e  p i c t u r e  of  t h e  s l o p e s  t u r n e d  toward 
t h e  r a d a r  recal ls  a system of l a t t i ce s  which i s  s t r o n g l y  s t r e t c h e d  

i n  t h e  no r thwes te rn  d i r e c t i o n .  This  zone c o i n c i d e s  w i t h  t h e  r e g i o n  
of t h e  maximum a l t i t u d e s  o f  t h e  mass i f ,  b u t  i n  making a map w i t h  

r e s o l u t i o n  500 m,  t h e  v e r t e x  o f  t h e  mass i f  t u r n s  

o u t  t o  be a lmost  comple te ly  f l a t  ( t h e  s l o p e s  h e r e  are one o r d e r  lower 

t h a n  on t h e  w e s t e r n  s l o p e ) .  The wid th  o f  t h e  zone i s  approximate ly  

200 km, i t s  l e n g t h  on t h e  o r d e r  of 4 0 0  km. 

F u r t h e r  t o  t h e  n o r t h e a s t  t he  mass i f  descends t o  t h e  r e g i o n  of  

c h a o t i c  r e l i e f ,  where t h e  a l t i t u d e s  are  on average t h e  same as o n  

t h e  e a s t e r n  s h e l f  o f  Lakshmi Planum. Approximately i n  t h e  c e n t e r  t h e  
n o r t h e a s t e r n  s l o p e  i s  complicated by a large ( d i a m e t e r  1 3 0  km w i t h  

r e s p e c t  t o  t h e  e x t e r n a l  w a l l )  double-r ing s t r u c t u r e ,  t h e  n o r t h e r n  

s u r f a c e  of  which i s  smooth and  which h a s  i n c r e a s e d  roughness  o f  t h e  

m i c r o r e l i e f ;  t h i s  i s  e v i d e n t l y  r e l a t e d  t o  t h e  p r e s e n c e  on t h e  s u r f a c e  

of e jecta  from t h e  r i n g  s t r u c t u r e ,  s i m i l a r  t o  a n  impact  c ra te r .  The 

r e l i e f  o f  t h e  remaining p a r t  of t h e  n o r t h e a s t e r n  s l o p e  i s  d i s o r d e r e d :  

h e r e  w e  obse rve  o n l y  s h o r t  (20 -30  km long)  r i d g e s  and k n o l l s ,  
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arc-shaped l i n e s  of s h i f t  which r e c a l l  t h e  s e p a r a t i o n  n i c h e s  of  

sl ides,  and only  i n  some p l a c e s  i s  t h e  p a r a l l e l - b a n d e d  o r d e r e d  s t r u c -  

t u r e  p r e s e r v e d .  The e a s t e r n  boundary of t h e  massif  w i t h  t h e  r e g i o n  

of t h e  development of c h a o t i c  r e l i e f  i s  marked by a series of arc- 

shaped l i n e s  of d i s t u r b a n c e .  

The d i s o r d e r e d  r e l i e f ,  e lements  of  which a r e  s h o r t  r i d g e s  and 

k n o l l s ,  a l so  develops  on t h e  sou the rn  s l o p e  of  t h e  m a s s i f ,  w i t h  o n l y  

t h i s  d i f f e r e n c e ,  t h a t  a t  t h e  s o u t h e a s t e r n  f o o t  i t  i s  o rgan ized  w i t h  

some s i m i l a r i t y  t o  w a l l s  which a r e  conformal  t o  t h e  o u t l i n e s  of t h e  

mass i f  and which fo l low almost p r e c i s e l y  t h e  d i r e c t i o n  of  t h e  i s o -  

hypse.  The fo rma t ion  of t h e s e  w a l l s  may be  related t o  t h e  c r e e p  of 

mater ia l  downward a l o n g  t h e  s l o p e  and t h e i r  r e l a t i v e  c l a r i t y  t o  t h e  
f a c t  t h a t  t h e  s l o p e  h e r e  is  o r i e n t e d  a long  t h e  c o u r s e s  of t h e  s t r u c -  
t u r e s  i n  t h e  c e n t r a l  zone of t h e  m a s s i f .  I n  t h e  s o u t h  t h e  f o o t  of 

t h e  mass i f  i s  " inunda ted"  by p la in- forming  ma te r i a l  a t  a n  a l t i t u d e  of  
approximate ly  3.5 km. 

- / 3 8  

On t h e  no r thwes te rn  s l o p e  of t h e  m a s s i f , t h e  c e n t r a l  zone w i t h  a 
l a r g e  r e l i e f  p i c t u r e  a long  an i r r e g u l a r  s e r r a t e d  boundary comes i n t o  

c o n t a c t  w i t h  a s e c t i o n  which d i f f e r s  s h a r p l y  acco rd ing  t o  t h e  p i c -  

t u r e  of t h e  s t r u c t u r e s ,  t h e i r  o r i e n t a t i o n  and s u r f a c e  roughness .  The 

s e c t i o n  s t r e t c h e s  400 km toward t h e  n o r t h e a s t ,  i t s  no r thwes te rn  

boundary is  r e l a t i v e l y  s t r a i g h t  and i n  t h e  s o u t h e a s t  t h e r e  are  two 

t r i a n g u l a r  s h e l v e s  which go i n t o  t h e  cen t ra l  zone of t h e  m a s s i f .  The 

w r i n k l e s  of  t h e  g e n t l e  "wrinkled" r e l i e f  a r e  i n t e r s e c t e d  here by 

spots and l i n e s  w i t h  low r e f l e c t i n g  c a p a b i l i t y ;  on t h e  s t e reomode l s  

t hey  are seen  as gaping c l e f t s .  The system of such c le f t s  i n  t h e  

n o r t h w e s t e r l y  c o u r s e  i n t e r s e c t s  t h e  s u r f a c e  of  t h e  s e c t i o n  i n  t h e  

w e s t .  The l a r g e s t  of t h e s e  extends 1 0 0  km and i s  s e v e r a l  k i l o m e t e r s  

wide.  On t h e  w h o l e , t h e  banded s t r u c t u r e s  of t h e  Maxwell mass i f  do 

n o t  go t o  t h e  edges of t h e  s e c t i o n ,  a s  i f  t h i s  w e r e  a cover  w i t h  

traces of stress deformat ions .  
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Discus  s i o n  

The younges t  fo rma t ions  i n  t h e  d e s c r i b e d  Lakshmi s t r u c t u r e  are 

e v i d e n t l y  p a r t s  of  t h e  Planum i t s e l f  formed by f lows  of  l i q u i d  l a v a  

from a t  l ea s t  t w o  c e n t e r s ,  t h e  C o l l e t t e  and Sacajawea c a l d e r a s .  The 

l a r g e  s p r e a d  of  C o l l e t t e  c a l d e r a  i n  uniform amounts and t h e  

c l e a r l y  t r a c e d  boundar i e s  o f  i n d i v i d u a l  f lows  i n d i c a t e  i t s  r e l a t i v e  

you th .  The r e g i o n  of  r ad ia l  sp read  o f  t h e  f lows  i n  re l ie f  c o r r e s p o n d s  

t o  a g e n t l e  r i se  approximate ly  400 km i n  d i a m e t e r  and on t h e  o r d e r  

of 500  m high .  From under t h e  s u r f a c e  o f  t h e  lava f lows  t h e r e  are 
o u t c r o p s  o f  s l i g h t l y  r a i s e d  s e c t i o n s  w i t h  i n t e r s e c t i n g  sys tems o f  

c r a c k s .  S i n c e  t h e  f low ma te r i a l  i n  t h e  form o f  ' 'bays" goes  i n t o  t h e  

c l e f t s  of t h e  c r a c k s  i n  t h e  o u t l i e r s ,  t h e  f lows  which compr ise  t h e  

Planum are fo rma t ions  which w e r e  superimposed on t h e  o u t l i e r s  

[ 2 1  

I t  i s  p o s s i b l e  t o  de te rmine  t h e  r e l i e f  o f  t h e  mountainous re- 

g i o n s  o n  t h e  b a s i s  of  s te reomodels  i n  p l a c e s  i n  which t h e s e  make  it 

p o s s i b l e  t o  o v e r l a p  i n d i v i d u a l  bands d u r i n g  photography.  The com-  
p a r i s o n  of t h e  s t e reomode l  w i t h  a l t i m e t r y  d a t a  and w i t h  t h e  known 

morphology o f  t h e  impact  craters conf i rms  i t s  adequacy. S i g n i f i c a n t  

p a r t s  o f  t h e  m a s s i f s  of Akna and F r e y j a  Montes which t u r n  o u t  t o  b e  

sys tems of  asymmetric r i d g e s  w i t h  c o u r s e s  which conform t o  t h o s e  of 
t h e  Planum are  i n  t h e  zone of t h e  s t e reo image ;  t h i s  i n d i c a t e s  t h e i r  

s i n g l e  g e n e s i s .  Such systems of asymmetric s u b p a r a l l e l  r i d g e s  may 

a r i se  e i t h e r  i n  b l o c k  ( p l a t e )  o r  f o l d e d  s t r u c t u r e s ,  Independent  of  

mechanism, t h e  f o r m a t i o n  of such s t r u c t u r e s  requires  t h e  p r e s e n c e  

of a r e l a t i v e l y  r i g i d  s u r f a c e  l a y e r  on  t h e  o r d e r  o f  1 0  km t h i c k  [ 3 ]  

and c o n d i t i o n s  of  h o r i z o n t a l  compression.  I n  t h e  boundary r e g i o n s  w e  
may see t h a t  p l a i n  material  is used  i n  t h e  f o r m a t i o n  of  t h e  mountain- 

ous f r a m e  and t h a t  i n  t h e  sou the rn  p a r t  of Lakshmi Planum t h e  l i n e a r  
r i d g e s  of t h e  frame are  s t r u c t u r e s  superimposed r e l a t i v e  t o  t h e  cha- 

o t i c  r e l i e f  r e g i o n .  I n  t h e  nor thwes t  and n o r t h  (Akna and F r e y j a  

Montes) toward t h e  p e r i p h e r y  o f  Lakshmi t h e  "degree  o f  d i s o r d e r "  o f  

t h e  s t r u c t u r e  i n c r e a s e s ;  t h i s  may a l so  i n d i c a t e  i n d i r e c t l y  t h e  l o n g e r  
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h i s t o r y  o f  t h e  deformat ions  and, consequen t ly ,  a n  i n c r e a s e  i n  age  

toward t h e  p e r i p h e r y .  

I r r e s p e c t i v e  of  t h e  t y p e  of s t r u c t u r e  ( f o l d e d  o r  b l o c k ) ,  t h e  

l i n e a r  s t r u c t u r e s  i n  t h e  immediate environment  of  t h e  Planum must 

have been formed by t h e  f o r c e s  of h o r i z o n t a l  compression t r a n s v e r s e  

t o  t h e i r  cour se .  The systems of  mutua l ly  i n t e r s e c t i n g  c r a c k s  i n  t h e  

southernmost  p a r t  of t h e  Lakshmi s t r u c t u r e ,  t h e  mechanism o f  forma- 

t i o n  of  which has  been described f o r  Maxwell Montes [ l l , i n d i c a t e  t h i s  

d i r e c t i o n  of f o r c e s .  However, u n l i k e  Akna and F r e y j a  Montes, t h e  

zone o f  l i n e a r  r i d g e s  i n  t h e  s o u t h e r n  frame does n o t  r ise  above t h e  

s u r f a c e  of t h e  Planum. Never the l e s s ,  t h e  s l o p e s  on  V e s t a  Rupes may / 39  

a t t a i n  s e v e r a l  deg rees .  Consider ing t h e  h i g h  t empera tu re  o f  t h e  

mater ia l  i n  t h e  s u r f a c e  l a y e r ,  wi th  such  a r e g i o n a l  s l o p e  t h e  s t r u c -  

t u r e s  su r round ing  Lakshmi o n  t h e  s o u t h  may t u r n  o u t  t o  be p r e s s u r e  

f o l d s  formed d u r i n g  t h e  p a s s i v e  g r a v i t a t i o n a l  f low i n  t h e  m a s s i f  of 
t h e  Planum [ 4 ] .  Akna and F r e y j a  Montes, which rise above t h e  l e v e l  

of  t h e  Planum, w e r e  e v i d e n t l y  formed by m o r e  a c t ive  f o r c e s  o f  h o r i -  

z o n t a l  compression;  t h i s  caused  t h e i r  s i g n i f i c a n t  u p l i f t .  

- 

15 w e  look a t  t h e  e x t e r f e r  f r a m e  of  Lakshmi Planum t h e  clear 
c o n c e n t r i c i t y  of  t h e  s t r u c t u r e  i s  compl ica ted ;  t h i s  i s  caused  ev i -  

d e n t l y  by t h e  g r e a t  age  of  t h i s  zone and i s  r e l a t e d  t o  t h e  more c o m -  
p l e x  h i s t o r y  o f  i t s  format ion .  

I n  t h e  s o u t h e a s t  t h e  r e g i o n  o f  c h a o t i c  r e l i e f  i s  compl i ca t ed  by 

a rc-shaped  d e p r e s s i o n s  t u r n e d  convexly upward a l o n g  t h e  s l o p e .  On 

t h e i r  e x t e r i o r s  t hey  are  s imi l a r  t o  s e p a r a t i o n  n i c h e s  of  g i g a n t i c  

( > l o 0  km) s l ides  which a re  accompanied by t h e  d e p o s i t i o n  of c r e s c e n t -  
shaped  b l o c k s  and lava f lows .  Broad lava f lows  which s p i l l  over  t h e  

s u r f a c e  o f  t h e  smooth p l a i n  i n  t h e  s o u t h  b e g i n  i n  one o f  t h e  s e m i -  
c i r c u l a r  n i c h e s  on t h e  s o u t h e r n  edge of  t h e  e a s t e r n  s h e l f  o f  Lakshmi 

Planum (see f i g .  8 ) .  The disk-shaped s t r u c t u r e  i n  t h e  southwes t  o f  

t h e  e x t e r i o r  frame of Lakshmi reca l l s  t h e  t e r m i n a l  p a r t  of  t h e  

g i g a n t i c  f low o f  p l a s t i c  m a t e r i a l  which f lows o r  i s  r e l e a s e d  from 
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benea th  t h e  edge of t h e  Planum toward t h e  sou thwes t .  Toward t h e  

planum, t h e  s u r f a c e  w i t h  flow s t r u c t u r e s  g r a d u a l l y  goes i n t o  a n  

uneven r e l i e f  w i t h  d e p o s i t i o n  c r a c k s .  

movement of a f low which encompasses t h e  roof  o f  t h e  n i c h e  i n  which 

i t  b e g i n s .  S i m i l a r  s e p a r a t i o n  n iches  a l so  e x i s t  i n  t h e  a r e a  surround-  

i n g  Lakshmi t o  t h e  w e s t .  The l a r g e s t  of  them i s  s e e n  as a g i g a n t i c  

c l e f t  a b u t t e d  on t h e  w e s t  by a broad crack flow which c o v e r s  an  a r e a  

of approximate ly  3 0 0 x 1 0 0  km. 

Such a p i c t u r e  may a r i se  d u r i n g  

The n o r t h e a s t e r n  c o u r s e s  of  s t r u c t u r e s  i n  t h e  mass i f  of Akna 

Montes are  p r e s e r v e d  on ly  i n  i t s  e a s t e r n  p a r t .  I n  t h e  w e s t  t hey  

s h i f t  t o  n o r t h w e s t e r l y  courses which c o i n c i d e  w i t h  t h e  o r i e n t a t i o n  of 

t h e  l i n e a r  s t r u c t u r e s  i n  t h e  r eg ion  of h i l l y  p l a i n s  w i t h  ovo ids  i n  

t h e  w e s t  and they  i n d i c a t e  a s h i f t  i n  t h e  s t r u c t u r a l  de fo rma t ion  

p l a n s  (see f i g .  5 ) .  

F r e y j a  Montes and t h e  mountainous coun t ry  t o  t h e  n o r t h  a r e  on 

t h e  whole a s i n g l e  mass i f  w i t h  s u b l a t i t u d i n a l  courses; t h i s  mass i f  

a b u t s  t h e  w a l l  of t h e  e x t e r i o r  frame of Lakshmi i n  t h e  n o r t h .  The 

mass i f  may be  s e e n  t o  r e s u l t - f r o m  homogeneous compression deformat ion  
i n  t h e  n o r t h - n o r t h e a s t e r l y  d i r e c t i o n .  

The g i g a n t i c  w a l l  of  t h e  e x t e r i o r  f rame.  of Lakshmi i n  t h e  

n o r t h e a s t  ex tends  no r thwes t  from 3 5 5 "  e.1. almost 1 5 0 0  k m  and it 
changes t o  a s o u t h w e s t e r l y  cour se  on ly  a t  t h e  l o n g i t u d e  of  Lakshmi 

"bay".  I n s i d e  t h e  w a l 1 , i n d i v i d u a l  r i d g e s  a r e  o r i e n t e d  approximate ly  

p a r a l l e l  t o  t h e  boundar i e s  of t h e  e n t i r e  Lakshmi s t r u c t u r e  and a l o n g  

t h e  e x t e r i o r  boundary t h e  w a l l  i s  a fo rma t ion  superimposed on t h e  

n o r t h e r n  p l a i n .  

I n  t h e  n o r t h e a s t  t h e  p r a c t i c a l l y  con t inuous  frame of  Lakshmi i s  

broken by a b a s i n ,  t h e  f l o o r  of  which a b u t s  t h e  n o r t h e r n  p l a i n .  The 

c o n t i n u a t i o n  of t h e  n o r t h e r n  frame of t h e  Planum h e r e  is  c r o s s e d  by a 

m e r i d i o n a l  band of l i n e a r  s t r u c t u r e s  and it i s  seen  f u r t h e r  t o  t h e  

east  i n  t h e  f o r m  of s h o r t  wal l -shaped s t r u c t u r e s  which a b u t  t h e  band 
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from t h e  eas t .  The band i t s e l f ,  c o n s i s t i n g  of p a r a l l e l  r i d g e s ,  may 

b e  i n t e r p r e t e d  as a compression s t r u c t u r e  i n  t h e  l a t i t u d i n a l  d i r e c -  

t i o n ,  however t h e  b a s i n  which a b u t s  it shows traces of  stress, i n d i -  

c a t e d  by t h e  f a n  of w a l l s  o f  Lakshmi's frame which descend t o  it and 

by t h e  drop  i n  t h e  level  of t h e  f loor.  Thus, t h e  b a s i n  i t s e l f  may 

p l a y  t h e  ro le  of  a rear depres s ion  w i t h  r e s p e c t  t o  t h e  band of com- 

p r e s s i o n  s t r u c t u r e s  and i t s  formation may have r e s u l t e d  from t h e  

s u b s u r f a c e  out f low of mater ia l  toward t h e  c e n t e r  of Lakshmi. 

On t h e  s o u t h e a s t e r n  edge of t h e  b a s i n  t h e  s i t u a t i o n  may b e  i n -  

t e r p r e t e d  as a r i g h t h a n d  s h i f t  i n  t h e  n o r t h e a s t e r l y  course. Th i s  i s  

i n d i c a t e d  by e x t e n s i v e  canals which mark t h e  " f i t t e d  i n "  l i n e s  - 140 

of d i s t u r b a n c e ,  by S-shaped ranges and compression w a l l s  ("mega- 

r o l l s " )  which j o i n  them a t  acu te  a n g l e s  i n  t h e  no r thwes t  and by 
gaping c r a c k  c l e f t s  i n  t h e  s o u t h e a s t .  The m e r i d i o n a l  band, which i s  

a b r u p t l y  i n t e r c e p t e d  i n  t h e  south  by t h i s  d i sp l acemen t ,  t h u s  t u r n s  

o u t  t o  b e  a s t r u c t u r a l  ana log  of t h e  r e c e n t  i n t e r i o r  f rame of  Lakshmi 

which is s h i f t e d  t o  t h e  n o r t h e a s t  a l o n g  t h e  d i sp lacemen t ;  t h i s  w a s  
a r e a s o n  f o r  the  b reak  i n  t h e  e x t e r i o r  frame i n  t h e  n o r t h .  

A s i m i l a r  f o rma t ion  scheme i s  a l so  s u i t a b l e  f o r  e x p l a i n i n g  t h e  

s t r u c t u r e  of Maxwell m a s s i f ,  t h e  w e s t e r n  boundary of which w i t h  t h e  

s h e l f  of t h e  Planum marks a n  a b r u p t  s h i f t  i n  t h e  c o n d i t i o n s  of  h o r i -  

z o n t a l  stress ( t h e  gaping  cracks on t h e  surfaces of t h e  o u t l i e r s  and 
t h e  Planum i t s e l f )  due t o  compression ( s t r u c t u r e s  on t h e  s t e e p  south-  

w e s t e r n  s l o p e  of t h e  m a s s i f ) .  T h e  s h e l f  of Lakshmi Planum, t h e  s u r -  

f a c e  of which ,both  acco rd ing  t o  t h e  re l ie f  p i c t u r e  and hypsometry,  

i s  i n d i s t i n g u i s h a b l e  from t h e  b a s i c  mass i f  o f  t h e  Planum, e v i d e n t l y  

does n o t  randomly a b u t  t h e  f o o t  of Maxwell Montes. I f  t h i s  mountain 

s t r u c t u r e  i s  s e e n  as t h e  s t r u c t u r a l  ana log  of  Akna and F r e y j a  Montes, 

t h e n  i t s  fo rma t ion  mus t  be  r e l a t e d  t o  one  more s u b s u r f a c e  f low 

of  mater ia l  - t h e  m o s t  pcwer fu l ,  j udg ing  from i t s  l e n g t h  and t h e  
a l t i t u d e  of  t h e  mountain s t r u c t u r e  c r e a t e d  by it. 

An e x t e n s i v e  l a t i t u d i n a l  l i n e  of  d i s t u r b a n c e ,  which i s  a l s o  a 
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d i s p l a c e m e n t , b u t  w i t h  a l e f t h a n d  s h i f t ,  i n t e r c e p t s  t h e  e a s t e r n  s h e l f  

of  t h e  Planum and t h e  mass i f  o f  Maxwell Montes from t h e  s o u t h .  

Wrinkles  t o  t h e  n o r t h  o f  it which are  narrowed a t  one end and which 

are  s u p p o r t  f ragments  and compression w a l l s  from t h e  s o u t h  which a b u t  

t h e  d i sp lacemen t  a t  a n  a c u t e  a n g l e  i n d i c a t e  t h e  p r e s e n c e  of  a d i s -  

p lacement .  L a t i t u d i n a l  d i sp lacements  which bound t h e  s h e l f  o f  t h e  

Planum and t h e  mass i f  of Maxwell Montes e v i d e n t l y  p l a y  t h e  ro l e  of  

terrestrial  t r ans fo rmed  f r a c t u r e s  which a l l o w  t h e  flow o f  material  
i n  d i f f e r e n t  areas t o  move a t  d i f f e r e n t  v e l o c i t i e s .  

Based on t h e  idea of  f lows  of  mater ia l  which d i v e r g e  r a d i a l l y  

from a s i n g l e  c e n t e r ,  t h e  fo rma t ion  o f  t h e  f o l d - f a u l t  s e t t i n g  o f  

Lakshmi may b e  s e e n  as t h e  r e s u l t  of t h e  accumula t ion  o f  s u r f a c e  

l a y e r  mater ia l .  T h i s  must have g r e a t  r i g i d i t y  r e l a t i v e  t o  subsu r -  

face material ,  as f o l l o w s  from t h e  e x i s t e n c e  of a v e r t i c a l  tempera- 

t u r e  g r a d i e n t  on Venus; t h e r e  i s  no basis f o r  denying t h i s .  However, 
t h i s  i n e v i t a b l y  leads t o  t h e  c o n c l u s i o n  t h a t  s e p a r a t i o n  o f  t h e  p l a s t i c  

deep l a y e r  from t h e  more r i g i d  s u r f a c e  l a y e r  i s  e s s e n t i a l  and t h a t  

t h e  sca l e - shaped  b l o c k s  of t h e  l a t t e r  warp and cleave. I t  i s  p o s s i b l e  

t h a t  a t  t h e  j u n c t i o n  o f  t h e  e a s t e r n  s h e l f  o f  Lakshmi Planum w i t h  t h e  

mass i f  of Maxwell Montes w e  observe  traces of p r e c i s e l y  t h i s  pro- 

cess. 

I n  c a l c u l a t i n g  t h e  t o t a l  dimensions o f  t h e  Lakshmi s t r u c t u r e  and 

t h e  dimensions o f  e lements  of  i t s  s e t t i n g ,  i t  i s  a p p r o p r i a t e  t o  c a l l  
t h e  f lows  a s t h e n o s p h e r i c  and t h e  r i g i d  s u r f a c e  l a y e r  t h e  l i t h o s p h e r e  

of  Venus. Thus, t h e  s t r u c t u r e  of Lakshmi m e r i t s  d e s i g n a t i o n  as a 
p e c u l i a r  stress c e n t e r  which arises above a n  a n a b a t i c  c u r r e n t  o f  

h e a t e d  i n t e r i o r  material  ( t h e  s o - c a l l e d  man t l e  d i a p i r )  ( f i g .  1 0 ) .  

Conc lus ions  

1. Lakshmi Planum and i t s  s e t t i n g  compr ise  a s i n g l e  s t r u c t u r e  

formed by a s i n g l e  p r o c e s s ;  i t s  compactness and t h e  confo rma t ion  of 
t h e  s u r r o u n d i n g  area i n d i c a t e  t h i s .  
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F i g .  1 0 .  Diagram of t h e  tectonic  s t r u c t u r e  of 
t h e  r e g i o n .  I t  i l l u s t r a t e s  t h e  d i r e c t i o n  of  
a s t h e n o s p h e r i c  flows ( l a r g e  arrows) and g r a v i -  
t a t i o n a l  f low of t h e  mass i f  o f  t h e  Planum 
( s m a l l  a r rows)  

2 .  A t  t h e  b a s i s  of t h e  mechanism of  fo rma t ion  of t h e  s t r u c t u r e  

i s  t h e  p r o c e s s  o f  t h e  a s c e n t  of  material  from t h e  i n t e r i o r  of t h e  

p l a n e t  t o  t h e  s u r f a c e  and i t s  h o r i z o n t a l  f low,  which i s  accompanied 

by f o l d i n g  de fo rma t ions  and/or t h e  fo rma t ion  of t e c t o n i c  p l a t e s .  

T h i s  a l l o w s  us  t o  speak about  Lakshmi as a p e c u l i a r  c e n t e r  of r a d i a l  

s p r e a d i n g ,  however t h e  sp read ing  p r o c e s s  ceased  a t  t h e  s t a g e  o f  ac- 
cumula t ion  of t h e  l i t h o s p h e r e  i n t o  m a s s i f s ;  t h i s  was accompanied by 

s e p a r a t i o n  of t h e  a s t h e n o s p h e r i c  f low.  During fo rma t ion  of t h e  

s t r u c t u r e  t h e  l i t h o s p h e r i c  l a y e r  w a s  approximate ly  1 0  km t h i c k .  

3 .  Large - sca l e  h o r i z o n t a l  s h i f t s  a l low us t o  speak of  Venus as a 
p l a n e t  w i t h  a ve ry  complex t e c t o n i c  l i f e  i n  comparison w i t h  p r i m i t i v e  

m e m b e r s  of  t h e  t e r r e s t r i a l  group ( t h e  moon, Mercury, Mars), where t h e  

tec tonic  s t y l e  i s  l i m i t e d  t o  ver t ical  motion. T h i s  p r o v i d e s  a b a s i s  

f o r  c o n s i d e r i n g  Venus a n  i n t e r m e d i a t e  l i n k  i n  t h e  series of  i n c r e a s i n g  

complexi ty  i n  t y p e s  of deformation between t h e  e a r t h , w i t h  i t s  t e c t o n i c  

p l a t e s , a n d  Mars, t h e  t e c t o n i c  l i f e  o f  which s topped  a t  t h e  s t a g e  of 
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t h e  fo rma t ion  of  g i g a n t i c  canyons and broad  rises crowned by l a r g e  

s h i e l d  volcanoes .  
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